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1,0 S UMMARY

Octave Band analyses of the noise spectra of Pulse-
Jet engines have begen wade for ti following purrases:

1. Tngine slzes frem 7 ko 12,9% in diamster have been
studled to determine the influence of engine clrze
ard rate oi fuel flow wupon the nolse spectrim,
oprerating frequency and thrust.

o

. Folse Control conligurations have uaen nestad,
Ineluding twin engines in parailel configuration

ted cowl around the tailpipes,

configuration, s single encine

L oan
s
twin sngines in opnesed ¢
tie filter, arnd two types of

with an integ

£
serratsd tailplys,

The present d2ta indicates that power input (engine
gize and rate of fuel fiow), 1is not the controlilng Tactor
I
2

S

in nolss ovutput. There i trong indication that the high
frequency porition of the nolas specirum i& centrolilied largely
by the wvelocity of tho gases lssuing from the tallrize.

o
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ibis report descrlibes work accomplished on item
1.5 af ”'5th4t A, Supplementary Agreement Ho, 5 of Contract
AF3Y3 (800)-Y 080 during the momth of February, 195%.

This is the f£ifth repert to be submitted daserib-

ing the e &clupm it ol noise contrsl and the use of the
Pulse.detb J na&@g‘ The report is gubmitted by the Amervican
Hollcopter Co., Inu*, cdescribing the study program being
conuneted by Paul 3, VYeneklasen, Consultant in Acoustics,

The work was carrisd out and is rsported by FPaul
£3

8]
S, Veneklasen esnd =ialf memhers G, F, Brockett and M, Herwick.
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3,0 BDISGCUSSIOR

L LNSTRUMBNTATICN

A1l the noise studles reported herein
were made with Octave Rand anaiyzing mquipment
congisting of the Western Blectirc-Acoustic
Laboratory 1CCOB Scund Analyaser whioh uses the
Western Eiectric 640AA Condenser Microphone, In
all cases the nolse hisftery of an engine run was
recordad on an Ampex 350 Magneiic Tape Recorder,
The recordings were made on 2ontinucus tape reels,
For analyeis purposss, the tape may bhe ratained in
reel form or tape loops mey be cut out and played
continuously. In thias menner 1t is rossivle Lo
choose an avppropriate short steady period of nolse
out of a run which may be elthar too short or
variapis for wanval ansalysis, It is clear that
the tape recorder is used oaly as a storage dsvice,
its calivrstion and squalization can he adjlusted
vary accurately and with thies guallity machine, can
by counied on for stavility over long perioeds of
time. In using taps loops for analysis purposes,
considerable caution must bte exerclised to inaure
that the tape loop 1s played uack under identical
tension conditions &8s wnen recording, so as to
2sawwrs feltinful reproduction of frequsncy, FPropes
faciliities havs been addsed to this equipmant for
thls purpose., The fundamenial opsrating f{requency

3 - & » L 39 o g o B wn » PERTPPUE B R N
WAS BEABUTEG LCr Salin OLgLid Joiwaivalil,

All these noise snalyses werse made with
tha gnginss mounted on a statics test stend within
the partial encicgure which is used for nolise
control ard was described in RR-2Z1, Figure 1 shows
the 5,75" engine mounted on s teat stand and is
repregentative of the mounting of 431 engines used
in these tests,

3&2““%'&? JNFLUENCE OF ENGINE SIZE AND FUEY FLOW

Haretofore when Lt has been necessary o
muke caiculations of expected nolse from Pulse=Jet
angingsg, w¢ have bsen oblized to extrapolate dzta
frow very limlted experience with wverious sizes of
sngines. 1t nas been agsumed that noise cutput
would Le proportiomsl to rate of el flow, that
iz, to powar input, The following study shows that

ry S et FL 4
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m true and demeomnstrates
¢learly certairn other ¥ crs which are apparently
of nuch gr«ater importa; i. noise production by
Jet propuxclon devices, All measurements of nolse
gspectra hers reported wers uade at a distanca of
three feet from the center line of the engines on
a perpendicular amloway zlong thelr length, sxcept
for the 12.5" enginn.,.

this assumption i1s Tar

Tror
actc
nee

342.1 The 6,75% Standard Single Shell lncine

Fen ¥ Sh i

Most of our earller stuoies in con-
nection with the nuis» control program have
usec & <ingle shell 6.79" engine, which nas a
tube length of 34 inokrs¢ it is eoniy in
Qeferenue te this previcus work that we refer
2 thie as a Ystandard® engine. The nolse
cutput spectrum of this engine is shown in

igure Z for several dif‘Pven fuel flow condi-
tions, It will be noted that for the lcowest
rate of fuel flow the nolse specirum Ls consid-
erabiy reduced, wrgreas for higher values of
funl flow ovsr & considerable range thare 1=
very 1itile change in spsetrum lsvel,

3,2:2.The $,75" Sllg;g’Sne;}mgngiag with
8QHK~§_14 ripe._

Thieg ongins 415 identical with the
&ndarJ eag*re excsp? for the tailpipe which
18 Li’.) Lhches ia alameter aunld increazgs the
lengtb to 4k inchss, Pigure 3 shows noise
spectra for thres differsnt fmel flow rates,
Values of thrust and operating fregusney fov
variocus fuel flowe are given wlth each flgure.

SPPRS

[ Mgure 4 presents the neise specira

for this eag*ne with &pprop: iate rates of fuel
flow. Agsin, the trend {from a iow value of
nelse prﬁlucmion gt low fuel flow rate o
coneiderably higher valuss odver a iarge range
of higher fuel Tlow rates, is Wosl evident
with thisz engine,

- . B~ | B o P -
3aRel  The 7.5" Sonical Bogine

Thieg engine is 1ike The previous one
axcept for an additional conic al hel) which
13 shown ipn Figure 9, Figwu. o © #8 ‘the




= M
R ST— ey R C T YO,

“ne
Mgy,

g !N'Wt-

& 'fif o ’;ﬂ'vﬁwéf b ioent,

or. vw.-\,u.si' DU
oAl
)

paceE &,

nolse spectra for thls englne.

2.0 5 T T sH o8

Ja2a2 The 1.2 Single Shell Fneine

Tigurs 7 shows ncise spectrs {or

four Gifferent fuel flows, This data shows
the largest variation in high frﬁmuepﬁ" Lolse

spectrum. as a funciion of frei “"u, which
has yet peen found for a FUlSE—deL ensing,
Note in contrast now small the variation is

in the lower Tands, It is also iat eresting

to note the exireme variation in aperating
frequency which accompaniss changes in fuel
flow in this engine. This 1s one rwaaon Tor
the peculiar behavior of the nulse gpectra in
the first twoc low freguency vands, basauss the
fundamental {reguency actually noves from one
band inte another, It would be more i1illumin-
ating, although 1t deces not at the moment

saem worthwhile, to anzlyze these ncise
spectra in more detall s¢ as to determine

the levels of the prominent harmenic compon-
ents which constitute the low frequency vorticen
of a Pulse-Jet nolse fpectrum It shouvld be
peinted out that this engine was wensured a2t

a distance of slx feet, 1In visw ol the

, difficulties of stariing this evpine and the

! expectation of considerably higher lewvelrs than
were actually rroduced, it was not considered
safe to leave the miﬂrophone in 1ts uvsuval
fixed positiony theorefore the microphrone was
kept at a safe distance until the engine was
operating S'ably, whereuvon 14 was moved o
tre 67 Ooaul)“, Tompariscn of data from
Report Ko, 163-K-1 of Sept. 28, 1951 catga
that the spectrum may bve expected t¢ ba appr
imately 3 4db higher at the 3% positien,

-~

3,2.6: Comparison of Bolse vi, Size

noise spectra for each of ithe ahove

engines for e typlical mediuam Tuel flow rate
are cemblned in Figure 8, In this case tae
gpectrvm from the 12.5%" eneine 13 incressed

hy 3 ab for oproper compariscn; slso the spactirum
for & $,%" engine is inecluded, data being drawn
Trom Repert Wo, 163-K-1, Thils data very claurliy
indiicates that there 1sg no sulistaence to rthe

et
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theals that nolge
power input. Thi
ghoula ssemch els >
factor in noise produetion,

ouft is propertional to
nding suggests that one
T
°

A wossivle key is amply avident in
the data of thils report., For exampls, 17 we
soempare 2 low value of fuel flow for a 120
engine from Filgure 7 with a high value of
fuel flow feor & emaller 6,75% engins, for
exsxpls Flgure b, wo find thst tne gmaller
englne produces a much greater ndgh {requency
unige apectrum, Since the rats cf flow of
exhaudt gasses 18 probably about the same dut
cecurs over a wuen larger secilon area in the
cage of the larger engisne, 1t must be that ths
patual exnaaqst velocily is zmaller for the
larger engine, (It 1z & ghame that we do not
have a quentitative meesurement of exhgust
velcclty to confirm these deductions,) It is
thereflore guggested by the data of thig report
thet exhaust veloclty is perhaps The most
contrelling faztor in the production of high
freguency noise {(which controls the nuizance
effacts of nolss and 1is influence on communi-~
cation).

323 NOXSE CONTROIL CONFIGURATIONS

Seled  The E,7254 Broine with denmetiec Filter

Orie of the attompts 1n the study of
noigs control possibilitlas 1s repressnted in
Mguras 2 and 10, wnich sghow & siwmple acoustic
filrvar built on the tailpipe of a 6.75% engine,
This filter consists siwply of an extra cylind-
rical shell arcund the tailpipe. The cavity
86 formed 18 conmected with the tailplpe through
verforaticens, The performance of this device
12 Indicatsd iy, Pigure 11, where 1ts spectra
1z compared with more typlcal 6.75%" engines,

NPV

The geaatly readuced thrust proaduced
by this sngive is indicstive of lower average
gxiiaust volecity since the effect of an acousti-
cal filter 13 {c convert a pulszting flow of
zag into s steady flow, Unlorturately, this
we ithud of noise reduction is hardly tolerable,
which emphasizes the point that we are oblized
o find methods of noise control which will not
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destroy the thrust-producing mechanism of
the Fulse-~-Jet engine. The above result
confirms some of our earlier approach, It
aprears that a proper method must retain the
puisating ocutput Mlow from the fallpipe and
surround thisz outflow, for noliss reducticn;
et & sufficlent distance to avoild rearwerd

reachion forees on the @nclosing shroud,

In this same figure the comgarison
between two different tailpipe lengths is aisc
most apparent, It 1s inger~=;iwb te notz in
L“j comparison that the englne with the
greater thrugt producss the Lowar nmise level,
The possible explanation which wi besy fuzther
gtudy 1s as followsg: tha longer enzlnﬂ which
encleses & larrer mass of gases in the Yaill-
pipe probatly pIOJhbpq its thrust by accelerati-
ing a larger mass of gas to & lower value of
exhaust veloclty,

343,20 Twin 6.75" Engines in Paralle) Confiesura-
tion

The following data continues tests
of tnis Lonfiguration, to which consideravle
study has already been deveted, Flgure 12
shows thiq confleguration mounted on a test
stand, The present tescs were intenaed oo
study the effectiveness of a shroud having an
acoustically absorbent lining, which is shown
in Figurs 13, Figures 1k and 15 srow tlre
enshrouded engine configuration mounted on
the test stand., The lining of the shroud
consists of Refrasil wool Higp temperature
Floerglas) which is held in place by a layer
of Refrasil cloth and a perlorated Inconel-X%X
screen. It was not sxpected that this parti-
cular sampls would be the last word in duranil-~
ity, not to mention performance. However, the
ReTrasil liner did stay in place long enough
e permit the recor"trg of noise sanmples,

The results are shown iu Figure 16, which shows
thn sveetrum for the twin enei s without
1, for compurison w:tn the spectrum

Rikia
rrodguzed by the envines in the treated shreud.
The wreasent tects cnwf‘rm eariler sxpsriencs
with an untréated shroud, namely that the

PSP

F m‘fx’."@ﬁmﬁ .
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henefit furnisned hy the palring of engines in
the reduction c¢i’ low ifcquedﬁj noise 1s Lo o
large exbtent forfeited oy tne use of a shroud.
However, the p“ﬁfpr* tests also indicate =a
useful reduction in nigh reguency syectrua,
which has not been hitherto achieved. It i3

not at rresent known why the ugse ol a shvoud
restores the low freguercy rncise, Perhaps the
length of the shroud has heen unfertunately
chosen so that the resonant frequencieo charact-
erized vy this lenrth are sxecited by the ensine.
Since lemperature conditions within this shroud
are hardly rredictible, 1t 1s Aifficult to chocse
an apyprorriate length except on an empiracal
hasis, However, if fu*ur' work succgeds in
achleving a comlf watiorn of ihe low Ireguency nciss
rzduction resulting rom pairing, torethey with
the high frequency reduction produssd Ly a small
treated shroud, we shall have achleved uscivl
Progress in noise control,

Aedad Iwin £.75"Y Coposed Copfisuvravion

Figures 17 and 18 shew the mounting

on the test stand of the twin opposed confligurs-~
tion which has been tested previousiy. The
present tests were intended to measure the
performance ol Uhis ceonflisucation, uszliyg 4n
acoustical liner for the common shrouwd, which
diverts gases from the tailpipes, Figur@ 19
shows the resully wiolli was simply bo strew tho
lining material over the neighborhoond, The
material did not stay in place long enough to
measure its effectivensss, It had besn planred
to test this material, usirg small metal daflectors,
to protect the material from direct iwmpingement,
but these were not installed with the intsntion
of datermining the Qurability of the materizl,
A8 a rasult the oniy noise records vhich are of
78] ue ara shown in Figurs 20, which is for the
engine with commen cowl but witheuf linsar,

Jedele The 6,727 ¥neine with lone Tallpipe agd
i:awﬁ.._.ii&,"vdw;:w irox Tailplpe
Rectangulsr oxtensions were waldad to
the talipipe, as shown ir ¥ieure 21, This experi-
nmEnt was an attempt Lo Lost the method propozed
by the bBritish, of serrating tre tallpipe ol a
Jel engine, We do nof Xaow what theoretleal

L it e Pt AL A Rk 21 e b TR € A

Bcecy,
[ Vol VI
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sackground way exist for such & proposal,

kAl

1.2.5 The 6,75" Engine with Leng Glothed
zailplpe

This exyeriment was & sllghtly

aiffevent attempt to test the British theory,
Hacksaw €lnte wers cnt into the trailing edge
of the tallpipe for aboul the length of the
filaved section, as shown in Flgure 23,

Fgure 24 agein indicates insignifizact result

Plzure 22 shows that the results were negaiive
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h,0 CONCLUSIONS

A,

bif

G.

Hoise spectra have been mezsured tor engines ranging
in size from 5% ¢ 1Pm@ ar to 12.5% diameter. It

is found that size alone 1s net the controlling
Factor in noiss cutput,

Faclhi engline has been studied for the {influence cof
rate ~f fwel flow an noise ocutput. It is Tound
that for very low rates cof fuel flow, the high
frequency portion of the sgpecirum is comparatively
radiced,

Operating freguency has alse hesn studled as a
fanction of rate of fuel flow. It 1s found that
in general the fundamental fraquerncy deacreagses az

-2

the fuel flow lg increased,

The influence of tube geomelry is ilndicated by the
fact that, for & given rate of fusl flow and cthamber
diameter, the hiph Trequency noise is deere&sed and
the thrust 1s inﬂreaaed if a longer talilpipe wilth
largeyr diameter is used.

There is a strong indlcation vhat a primary factor
in detsrminling high fregusncy oclszs spectrum 1s the
exit veloeltly oL the gages,
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cenfiguration, 1t is found that an acoustically
treated cowl surrounding the tallpipes produces a
uge ful amount of high freguency nolse reduction,
Unfortunalely, the advantage of low freguency aoise
cancelilation is lar"ﬁly lost in the nre<eut fﬁnfigun
ration., The effect on thrust is nel indlcated
because the cowli was hand-held,

bl wh U W - w4 ek wanfy e ad - -3 s o

The noise reduction for the twin engine oppecsed
~configuration with an acoustically-lined tallpips
duct could not be 2valvated because the lining
material waz bilown out fmmediately upon starting.

A bullt-in acousticai filliter reduced the high
Trecquercy nolse with severe loss of thrust.,

Two types of ser
proved lneffecti
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